Methicillin resistant -Staphylococcus aureus (MRSA) is an organism responsible for causing deadly infections in man, poultry and several other animal species. Ever since the discovery of MRSA in decade of 1960's, it has been isolated and reported in live poultry birds and their meat products worldwide. Strikingly, MRSA recovered from poultry share a common ancestry with MRSA isolates of human and animal origin. Furthermore, MRSA colonizes the skin and mucous membranes of both man and poultry. This colonizing ability of MRSA is not only a cause of nonresponsive infections in poultry but it can also be transferred to the humans handling birds at farms and slaughter houses. Moreover, the consumers of poultry meat can also acquire its infection. The cases of cross infections of MRSA between poultry and human has been reported. However, the most important difficulty to control MRSA and its interspecies transmission is the irrational use of antimicrobial drugs and inadequate biosecurity measures. Therefore, rational usage of antimicrobials and good biosecurity measures need to be adopted for prevention and control of zoonotic MRSA infections. This paper reviews the existing status of MRSA in poultry as a possible threat of zoonosis.
Introduction
Staphylococcus aureus is a non-motile, non-spore producer, gram positive coccus. It was discovered when Alexander Ogston in 1880 made an attempt to demonstrate the role of bacteria in infecting wounds and causing septicemia. During his research he had observed 88 human pus samples under the microscope and found the presence of Gram-positive cocci in these samples (later on named as Staphylococci, a member of firmicutes). A species of genus Staphylococcus i.e. Staphylococcus aureus is one of the normal inhabitants of skin and nares (man and animals) which may also act as pathogen under certain circumstances. (Herold et al, 1998; Vengust et al, 2006 , Licitra, 2013 .
For many years, treatment of wounds infected with Staphylococci involved the application of phenol. This treatment approach was first used by Lister and later on Ogston routinely used the same method (Herold et al, 1998) .
History of MRSA emergence:
Penicillin was discovered in 1940s and was hailed as the miracle drug but in 1961 (only 2 years following the discovery of methicillin: a penicillin resistant to penicillinase), S. aureus became resistant to methicillin by acquiring mec A gene and by 1950 the frequency of resistance was significant hence it arose the need of implementing an alternative treatment strategy (Lowy, 2003) .
In the mean while some strains of S. aureus produced a modified penicillinbinding protein (Penicillin binding protein 2a) and became resistant to semi-synthetic β -lactam antimicrobials (BLAs) which were at that time being used for treatment of S. aureus infections after observing resistance to penicillin and those resistant strains were termed as methicillin-resistant Staphylococcus aureus (MRSA) first observed in early decade of 1960's (Giannoudis et al, 2005) . At present in addition to BLAs, MRSA may also show resistance to common antimicrobials, e.g. macrolides, lincosamides, streptogramin, tetracycline, gentamicin (Delorme et al, 2009 ).
After the discovery of MRSA's occurrence as a nosocomial pathogen, several hospital acquired MRSA (HA-MRSA) clones infected man worldwide. However, since the 1990s, community-acquired MRSA (CA-MRSA) clones were also found to be spreading globally. In this regard MRSA spread is now observed to occur beyond hospital facilities, becoming a significant public health and zoonotic issue due to which it is now also regarded as a community associated pathogen (Vengust et al, 2006; Persoons et al, 2009; Lee, 2003; Leonard, 2006) .
Besides human MRSA has also been isolated from several animal species and such isolates are a source of resistant zoonosis particularly this organism is prevalent in food animals because of the irrational use (usage below therapeutic level) of antimicrobials for preventing diseases and growth promotion (Gilchrist et al, 2007) . Like other food animals MRSA can colonize the birds treated with antibiotics however a portion of MRSA in poultry can be due to human (e.g. due to MRSA infected farm and slaughter house workers) contamination of birds and their products (Waters, 2011) .
Importance of Penicillin Binding Protein 2a (PBP 2a) for MRSA:
Methicillin resistant Staphylococcus aureus is among the most important pathogens in human and veterinary health care facilities due to which it is globally considered as a serious health concern (Goetghebeur et al, 2007) . It has the ability to produce a different penicillin-binding protein (PBP) i.e PBP 2a which shows comparatively low susceptibility to most of the beta-lactam antibiotics. The mecA gene is (responsible for encoding PBP2 a) 2.1 kb long and is present on a mobile Staphylococcal genomic island i.e staphylococcal cassette chromosome mec (SCCmec). There are seven main variants of SCCmec (type I to VII). The synthesis of PBP, called PBP-2a (Hartman and Tomasz, 1986) , PBP2' (Murakami, 1987) or MRSA-PBP (Song, 1987) , is considered to be the most important if not the only mean of conferring high resistance to β-lactams. Moreover, absence of resistance to methicillin in S. aureus is frequently seen associated to the absence of PBP (Ubukata, 1985) .
Host Range:
Staphylococcus aureus can be found to colonize skin and mucosal membranes of human as well as animals (e.g. cat, dog, horse, pig, farm animals, psittacine birds and poultry) as normal flora but may also cause resistant and lethal infections in the host (Leonard, 2006; Walther et al, 2008; Persoons et al, 2009 ).
Significance of MRSA in Poultry:
S. aureus is not only a normal inhabitant of the mucosa of all mammalian species but is also found to colonize the mucosal membranes in domestic poultry (Hajek et al, 1988) and commercially raised populations of poultry birds (Witte et al, 1977) .
The first report on occurrence of MRSA in poultry was from South Korea, where it was isolated from arthritis affected birds. Molecular typing of the strains revealed a common ancestry of the poultry strains with those isolated from humans and bovine milk samples (Lee, 2003) . Later on several times MRSA has been isolated from live poultry birds as well as from poultry meat (Kitai et al, 2005) . Staphylococcal species in poultry are generally regarded as harmless normal inhabitants but these species can be pathogenic under certain conditions causing opportunistic infections. MRSA from poultry birds may not only infect the bird itself but also poses a zoonotic risk for humans handling poultry (Persoons et al, 2009; Lee, 2003; Oke and Oke, 2013 In a study conducted at a poultry farm located in South West Nigeria, it was found that out of 100 cloacal swabs collected from 6-week old broiler birds (showing the symptoms of diarrhea) over 90% of the cloacal swabs yielded MRSA. Furthermore, nasal swabs from 25 attendants (with symptoms of cough and catarrh) and 5 attendants (without symptoms of cough and catarrh) working at the poultry farm were collected and MRSA was isolated from all the attendants showing the symptoms of cough and catarrh. Incidence of MRSA was 83.3% in the poultry attendants, and 95% in the poultry was recorded. Infection of MRSA in poultry may be acquired from man and may also spread from poultry birds to the workers at farm. MRSA from poultry can be transferred to man not only by digestion of contaminated meat but also through contact with live birds and their fecal material (Oke and Oke, 2013) . MRSA excreted by birds in feces can also exist in poultry litters (Graham et al, 2009 ).
In another research study methicillin-resistant Staphylococcus aureus (MRSA) isolation from several food products was reported. It was found that slaughtering of MRSA-infected animals may cause the contamination of carcasses. To estimate the occurrence of MRSA in 2217 raw meat samples of beef, veal, pork, chicken, lamb/mutton, turkey, and fowl were collected. MRSA was isolated from 264 meat samples and isolation percentage was: beef (10.6%), chicken (16.0%), veal (15.2%), lamb and mutton (6.2%), turkey (35.3%), pork (10.7%), fowl (3.4%) and game (2.2%). It was concluded that further research work is required to identify the routes of transmission in relation to meat and meat products to limit the spread of MRSA (Boer et al, 2009 ).
In Belgium cloacal and nasal samples of seventy-five broilers and fifty laying hens were collected from randomly selected farms and fifteen isolates of MRSA were obtained from broilers and no isolate was obtained from laying hen samples probably because of a limited usage of antimicrobials in layers (Persoons et al, 2009) .
A research study was conducted to determine the prevalence and antibiotic resistance patterns of Staphylococcus aureus isolated from meat and chicken samples. For this purpose, one hundred and fifty samples of calf/ lamb meat (mince and chunks) and chicken parts (giblets, carcass) were collected and eighty (including 26 isolates of poultry origin) S. aureus strains were identified. The overall methicillin resistance rate for eighty isolates of S. aureus during the research was found to be 67.5%. However chicken carcass and chicken giblets showed a methicillin resistance of 76.4% and 55.5% respectively (Gundogan et al, 2005) .
In Qena governorate 125 poultry samples were collected during 2012 for analyzing the presence of methicillin-resistant Staphylococcus aureus (MRSA) . During the study samples were collected from freshly slaughtered whole chicken carcasses (25/125), chicken luncheon (25/125), chicken portions (25/125), chicken sausages (25/125) and chicken burgers (25/125). Isolation percentage was found to be 44% (11/25), 52% (13/25), 40% (10/25), 24% (6/25) and 44% (11/25) for freshly slaughtered whole chicken carcasses, chicken portions, chicken luncheon, chicken sausages and chicken burgers respectively. At the end of the study it was found that there are higher contamination rates associated with raw poultry meat and relatively lower rate of contamination were reported in poultry meat products treated with heat and preservatives. However, contaminated poultry meat and its products are now regarded as one of the important sources of MRSA transmission to humans due to unhygienic poultry slaughter houses and food preparing establishments (Karmi, 2013) .
The first report of presence of MRSA in commercial raw poultry meat in Japan was recorded in 2004. Four hundred and forty-four raw poultry meat samples were collected and two mec A positive MRSA strains were isolated (Kitai et al, 2004) .
To detect the zoonotic potential of MRSA particularly isolated from food animals a study was conducted in Korea from May 2001 to April 2003 during which one thousand nine hundred and thirteen samples of feces, feed material, milk, joint, uterus, trachea, and meat were collected from cattle, poultry, and pigs. 421 isolates of S. aureus were obtained out of which 28 isolates of S. aureus were resistant to a concentration more than 2 μg/ ml of oxacillin. Fifteen (12 from dairy cows and 3 from poultry) of these 28 isolates were mec A positive (Lee, 2003) .
To identify the presence of MRSA in turkey, broiler barns as well as in soil and air of the farm's vicinity, a study was conducted in Germany. In total two broiler and five turkey farms were sampled three and four times, respectively. During one fattening period a longitudinal study was designed and samples were obtained from choana and skin of broilers and turkey, air, boot swabs of ground surfaces at different distances from the barn. As a result of longitudinal study MRSA was found in the air outside two turkey barns and also over the ground surface on downwind side of many (44.4%) broiler and turkey farms. Furthermore, a cross-sectional study was conducted on the farms (including four broiler and five turkey farms) during the last third of the fatting period.
During the cross-sectional study MRSA was detected in the air samples of barns (7 of 9, 77.8%), as well as samples collected from animals, with detections levels of 62 to 77% in turkey and 50 to 54% in broiler farms (Friese et al, 2013) .
A research study was planned in US to detect multidrug resistant S. aureus including MRSA in meat and poultry samples. Out of 136 samples S. aureus contaminated 47% of the samples and multidrug resistance was detected in 52% of the isolates. Precisely MRSA was detected in one sample from each of turkey, beef and pork (Waters et al, 2011) .
Epidemiology:
Epidemiology of MRSA is changing world wide (Herold, 1998; Boyce, 1998) due to the spread of MRSA beyond hospital premises. Recently in some parts of the world MRSA is recognized as a community pathogen (Mitchell et al, 1996) . MRSA prevalence in human population can be around 60% (Hafiz et al, 2002) while true prevalence studies regarding MRSA in poultry are scarce. However, new reservoirs for MRSA may include poultry meat (Rizek et al, 2011; Lee, 2003; Lee, 2006; Kitai et al, 2005) as well as live poultry birds (Waters et al, 2011) .
Transmission & Zoonosis:
Close contact of human beings with animals may provide an opportunity for transmission of the infection between species. Once the infection is acquired, horizontal transmission may occur between animals or man and also their families can acquire the organism. However, MRSA can be transmitted as follows (Coia et al, 2006; Oke and Oke, 2013 ):
• Patients infected with MRSA during their stay at the health care facilities after discharge from the hospitals can be a source of spread for healthy population;
• Health workers who have acquired the infection from the infected patients may also transmit the infection to the non-infected individuals of the population;
• In a population the presence of individuals infected with MRSA may be considered as a source of infection for the non-infected members of the community;
• MRSA acquired by anthroposis (transfer from human to animals) or zoonosis (transfer of infection from animals to human due to handling of animals e.g. live birds, poultry litter and meat) is a cause of interspecies spread of the infection.
Disease:
In healthy individuals (man and animals) a breach in skin /mucous membranes or acquisition of the organism from infected individuals may provokes Staphylococcus aureus particularly MRSA to cause life-threatening staphylococcal ailments. As in case of human beings, poor condition of animal's skin also favors staphylococcal colonization. Mostly these ailments include food poisoning, pneumonia, septicemia and other infections of invasive nature (Boucher and Corey, 2008) . Particularly in birds it may cause suppurative disease, omphalitis, urinary tract infection, otitis, pyoderma and arthritis which are linked to several bacterial virulence factors e.g. enzymes and toxins (Bergmann et al, 1980) . However, in man MRSA is frequently found in patients of staphylococcal food poisoning, post-operative wound infections, and pneumonia (Horan et al, 1988) .
Prevention and control:
Mass awareness campaigns, general public education, common sense and good hygiene are keys to prevent MRSA infections, especially in veterinary medicine. The prevention and control of MRSA transmission may include (Morgan, 2008; Coia et al, 2006) :
• Consider MRSA infection as a possibility in individuals experiencing post-surgical infections particularly those which do not respond to antimicrobial treatment;
• Individuals with suspected MRSA infection should be segregated and samples for bacteriological examination and susceptibility testing for antimicrobials should be procured from all such cases before instituting antimicrobial therapy;
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• Confirmed cases of MRSA should be handled by wearing gloves and equipment used in such cases which must be disposed or autoclaved afterwards;
• Health care personnel should wash hands properly with alcohol based sanitizers after handling suspected or confirmed cases.
• Co-operation between veterinary and medical professionals is required to check zoonosis.
• Veterinarian should inform owners regarding the risk of acquiring MRSA infection due to contact with already infected animals.
Conclusion:
MRSA is not only a nosocomial but also a community acquired and zoonotic infection. Shedding of the organism from asymptomatic human, animals, birds, cats, dogs etc. carriers along with selection pressures due to injudicious usage of antimicrobial feed additives and antibiotics may be among the factors which contribute to the establishment of MRSA in the food chain. Furthermore, new strains of MRSA are appearing to evolve in the animals with time and are a source of occupational exposure for humans. Workers at farm handling the birds and farm litter can transmit to or acquire MRSA from birds. The role of slaughter house worker in contaminating the meat or handling contaminated meat and products cannot be neglected in possible spread of MRSA. The birds should be handled by wearing gloves and masks to avoid MRSA transmission in either case. The infected poultry flock and its litter must be properly disposed.
The true magnitude of the problem is still not well documented. Hence, there is need of well documented data to have thorough knowledge of true prevalence rates in poultry flock and its ability to evolve with time. Failures to get rid of MRSA carriage from man may possibly be due to reacquisition of the organism from other human beings or animals in close contacts. Hence, the possibility of an animal reservoir must be considered in cases of relapse of the infection, and in proven cases decolonization of all reservoirs must be exercised. A history of close contact to animals and birds may be sought in the cases of repeated and inexplicable failures of MRSA decolonization man and in situations where sharing of MRSA between human and animal is suspected, a combined approach regarding diagnosis and treatment must be developed.
However, there is absolutely no substitute for rational usage of antimicrobials and good biosecurity measures, at the household plus daily farm operations conducted at poultry farm, slaughterhouses, meat processing operations and also at human as well as in veterinary health care facilities.
